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(g) Eiectricai probe with contact force protection. 

(57) An electrical probe lip (12) is yieldably mounted on a probe mount (10) so that as the P/oi>e ™ 
® and^a Sund^^^^^ 20 are advanced toward each other, the contact force between the pm^^^^^ 
S amf tS dS under test first increases gradually and then ^^^'J^l^^^^^ 
Contact force if the probe mount (10) and device (20) under test are inadvertently advanced excessn^ely 
toward each other, and thereby prevents damage to the probe tip. 
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Background of the Invention 

This invention relates to electrical prcl>es, and 
particulariy, but not exclusively, to microwave wafer 

probes. * 

Microwave wafer prol)es are well-known to the 
art, as exemplified by U.S. patents 4,697,143 and 
4,649,689. Such probes have conductive probe tips 
which employ a dielectric substrate with printed pla- 
nar conductors mounted thereon to form a controlled- to 
Impedance transmission line. One end of the probe tip 
is mounted In cantHevered fashion to a probe mount 
where it is attached to an electrical connector, whie 
the other end of the probe tip contacts the device 
under test (OUT) to be probed. Contact between the is 
probe tip and the OUT is accomplished by advancing 
either the probe mount or the OUT toward the other 
along a direction of advancement When contact 
occurs, further advancement is used to establish a 
desired ^contact force, and the dielectric substrate 20 
bends to accommodate the advancement As the adv- . 
ancement continues the contact force on the probe tip 
increases and, in the case of excessive advance- 
ment, the probe tip may become damaged due to 
excessive contact force. The substrate Is mounted at 2S 
an angle relative to the direction of advancement so . 
that only the contact end of the probe tip actually con- 
tacts the OUT. Because of the angle, the contact end 
of the probe tip "skates" or slides fonvardly on the 
DUT in a direction perpendicular to the direction of 30 
advancement as the contact force inaeases. A shal- 
low probe tip angle. i.e. with the substrate extending 
generally normal to the direction of advancement, is 
usually necessary to minimize the magnitude of the 
skating, which is important because two or more 35 
probes are often used in conjunction on the DUT wfth 
their contact ends facing each other in dose proximity 
(100 to 250 ^im typically) so that excessive skating 
could cause the two tips to collide and damage each 
other. Also, if a wafer probe tip were mounted at a 40 
steep angle, the contact force on the conductive strips 
would be higher, because the substrate cannot bend 
as advantageously as the contact force increases, 
and would be more likely to cause damage because 
the force would be more In a directton parallel to the 45 
conductive strips, inducing shear forces to distodge 
the conductive strips from the substrate. 

Because excessive advancement between the 
probe mount and the DUT is particulaiiy likely to 
cause wafer probe tip damage with a steeply-angled so 
probe Up, most wafer probes employ shallow-angled 
pmbe tips. However, shallow-angled probe tips make 
it difficult for such probe tips to reach down into chip 
interconnect packages without encountering Interfer- 
ence from the surrounding package stwcture. 55 

The posslblity of probe tip damage also exists 
with probe types other than wafer probes, such as 
needle probes. Some probe types, as exempiried by 



as. patents 3.648.169. 4251.772, and 4,888.550. 
and by German patent No. 205.759, feature probe tips 
resHiently connected to a probe mount by means of 
springs which Ilex to enable the probe tip to move rela- 
tive to ttie probe mount as the probe mount and DUT 
are advanced toward each other. The springs cause 
a gradual increase in the contact force between the 
probe tip and the DUT as the proximity of the probe 
mount and DUT increases. However, such arrange- 
ments retain the problem of excessive advancement 
and resultant excessive contact force. 

U.S. patent No. 4,123.706 employs a pneumatic 
piston which tends to keep the contact force constant 
throughout a range of advancement, thereby provid- 
ing some protection against excessive contact force. 
However, such protection is provided only over a nar- 
row range of advancement, beyond which the piston 
is displaced to Its limit so that it is no longer operative 
to limit Uie conlact force. The piston's imposition of a 
constant contact force, rather than a gradually 
increasing contact force witti increasing advance- 
ment, significantly limits skating of the probe tip rela- 
tive to the DUT. However, skating is used as a visual 
indication of probe contact (viewable through a micro- 
scope), and therefore a gradual increase in contact 
force causing a controlled degree of skating Is desir- 
able. Also, such a pneumatic piston arrangement is 
far more complex and expenswe than a spring system 
for movably mounting the probe tip relative to the 
probe mount. 

Summary of the Present Invention 

The present invention as claimed is directed to a 
wafer probe or otiier type of electrical probe which 
overcomes the foregoing drawbacks of the prior art 
In preferred embodiments, an interconnecting struc- 
ture between the probe tip and Uie probe mount yield- 
ably permits rrwvement of tiie probe tip relative to the 
prdbe mount, along a direction substantially paraUel to 
the direction' of advancement between the probe 
mount and DUT. so that the contact force initially 
increases as the proximity between the probe mount 
and DUT increases through a first range of advance- 
ment However, after a predeteniiined proximity is 
reached, the Interconnecting structure prevents the 
contact force from increasing further, or at least slg- 
nificantiy reduces the rate of force Increase, even 
though the proximity may Increase further through a 
second range of advancement even larger than the 
first The Initially increasing contact force causes 
flexure and resultant skating of tfie probe tip relative 
to tire DUT as the proximity increases, which is desn 
rable for providing a visual indication of probe contact 
However, the contact force Is prevented from reach- 
ing a level where probe tip damage can occur, even 
where the advancement is greaUy excesswe and 
even though Uie probe tip is steeply angled. 
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Preferably, the interconnecting structure actually 
causes a deaease in the contact force with further 
increases in proximity after the aforementioned pre- 
detennlned proximity has been reached (by reducing 
the rate of force increase to a negative rate). How- s 
ever, such decrease should not be such that the con- 
tact force Uself becontes negative, i.e. such that the 
interconnecting stnjcture tends to move the probe tip 
away from the OUT. because this would cause the 
probe tip to assume an erroneous equilibrium position io 
which the probe user may not recognize and may 
inadvertently use as the position of the probe tip for 
initiating probing. In such case, the contact force 
would Increase slowly with increasing advancement, 
requirirq a larger degree of advancement to obtain an is 
adequate contact force, and would continue to 
increase with excessive advancement. 

The foregoing and other objectives; features, and- ♦ 
advantages of the Invention will be more readSy 
understood upon consideration of the following 20 
detailed description of an exemplary embodiment of 
the inventbn. taken in conjunction with the accom- 
panying drawings. 

Brief Description of the Drawings 25 

FIG. 1 is a sectional side view of an exemplary 
embodinoent of a probe constructed in accordance 

with the present invention. 

FIG. 2 is a sectional view taken along line 2-2 of 30 
FIG. 1. 

FIG. 3 is a sectk)nal partial detail v»w taken along 
line 3-3ofRG.Z 

Detailed Description of Exemplary Embodiment . as 

With reference to FIGS. 1 and 2. an exemplary 
entbodiment of a probe in accordance with the pre- 
sent invention comprises a probe mount 10 and a 
probe tip assembly 12 interconnected by a spring 40 
assembly 14. The interconnecting spring assembly 14 
permits movement of tiie probe tip assembly 12 rela- 
tive to the probe mount 10 atong a short cun^ed, ver- 
tical path which is substantially parallel to a direction 
of advancement 16. The purpose of tt)e probe is to 4S 
cause the contact end 1 8 of ttie probe tip assembly 12 
to contact an electrical circuit on a OUT 20, which is 
in turn mounted on a chuck 22. Contact of tfie probe 
tip assembly 12 witii tiie OUT 20 Is accomplished by 
movement of eiUier the chuck 22 or the probe mount so 
10 toward the otiier along the direction of advance- 
ment 16. 

Considering the major elements of the probe In 
greater detail, the probe tip assentbly 12 comprises a 
relatively stiff, but still flexible, tiiin dielectric substrate 55 
24 on the undersWe of which arc mounted printed pla- 
nar conductors forming a coplanar controlied-lmpe- . 
dance transmisston line having overlying grooved 



•icrowave-absorbing material 26. 27. as described 
ore fully in U.S. patent. 4,697.143 which Is incorpo- 
rated herein by reference. The contrdled^impedance 
transmission line on the substrate 24 Is connected 
electrically, by a highly flexible microstrip transmis- 
sion line 28 and a coaxial electrical connector 30 on 
ttie probe mount 10, to appropriate test equipment 
such as a networi( analyzer (not shown). As shown in 
FIG. 3. ttie substrate 24 is spaced from tiie absorbing 
material 26 by a dielectric spacer 29. and from the 
absorbing material 27 by tiie microstrip 28, to provide 
adequate clearance for flexing and resultant skating 
of the substrate 24. The probe mount 10 and chuck 22 
are botti mounted on a probe station (not shown) 
which provides for controlled movabOity of one with 
respect to the otiier along the direction of advance- 
ment 16 in a conventional manner. 

The interconnecting spring assembly 14 has four 
spring components (not including the planar transmis- 
sion line 28 which is sufficiently flexible to provide only 
negligible resistance to movement between the probe 
tip assembly 12 and the probe mount 1 0j. Two of tiie 
spring components are relatively tiiin, cantilevered. 
dual beam springs 32 and 34 capable of flexing 
upwardly or downwardly from their neutral horizontal 
positions to permit vertical movement of the probe tip 
assembly 12 relative to tiie probe mount 10 In FIG. 1. 
while yieldably resisting such movement The resist- 
ing spring force applied by tiie dual beam springs 32. 
and 34 Is significantly less than tiie spring force 
applied by ttie ottier two springs in tiie system, i.e. ttie 
stiffer cantilevered beam spring 36 and compression 
spring 38. Besides being stiffer than tiie dual beam 
springs 32 and 34, ttie beam spring 36 is not r^idly 
connected to tiie probe tip assembly 12 as are the 
springs 32 and 34. but rattier is capable only of abut- 
ting against the underside of ttie spring 34 to oppose 
downward, but not upward, motion of the probe tip 
assembly 12 relative to ttie probe mount 10. The com- 
pression spring 38 is interposed compressively be- 
tween an adjusting screw 40, ttireadably mounted in 
ttie probe rnount 10, and a set screw 41 mounted in 
ttie absort)er material 27 of the probe tip assembly 12. 
As seen in FIG. 1, Its orientation is such ttiat It exerts 
a compresswe force atong a directton which is sub- 
stantially nomial to tiie dferection of advancement 16. 

Alttiough ttie spring 38 as shown in FIGS. 1 and 
2 is depk:ted merely as a simple wire spring, any suit- 
able fomfi of compression spring could be utilized, 
such as a more conventional helical coB spring. 
Likewise, even ttiough the beam springs 32, 34 and 
36 are considered to be ttie most suitable for tills 
applicatbn. alternative types of springs could be used 
to perfonn ttielr functions as well. 

The compression spring 38 Is attached at one end 
38a to ttie adjusting screw 40 and at the ottier end 38b 
to ttie set screw 41 in ttie absorber material 27 by 
insertion of ttie ends into shallow recesses In ttie 
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screws 40 and 41, respectively, so that the spring 38 
can pivot freely upwardly and downwardly with res- 
pect to each end connection point. The end 38a, 
where the spring attaches to the screw 40. Is offset 
upwardly with respect to the end 38b when the dual 
beam springs 32, 34 are undeflected {\.e. horizontal 
as shown in FIG. 1). This offset in height between the 
two ends of the spring 38 is indicated by the offset dis- 
tance 42 in FIG. 1 . Before use of the probe, the adjust- 
ing screw 40 fe tightened so as to impose 
compressive force on the spring 38 which, due to the 
offset distance 42. includes a downward component 
which deflects beam springs 32 and 34 downwardly 
and. when spring 36 is contacted by the underside of 
spring 34. likewise deflects spring 36 downwardly. 
Although a clearance 44 is shown in FIG. 1 between 
spring 36 and the underside of spring 34 prior to the 
Imposition of compressive force on spring 38, it is not 
critical to operability that such clearance be provided. 
The compressive preloading of spring 38 by tighten- 
ing of the screw 40 places the interconnecting spring 
assembly 14 in a downwardly preloaded position in 
which the downward component of the compressive 
force of spring 38 is resisted by the upward spring for- 
ces of springs 32. 34 and 36 In combination. 

Thereafter, either the probe mount 10 Is lowered 
along the direction of advancement 16. or the chuck 
22 is raised along the direction of advancement, so 
that the contact end 18 of the probe tip assembly 12 
is brought Into contact with the electrical circuit on the 
OUT 20. As soon as contact is made, a compressive 
contact force between the contact end 18 and the 
OUT 20 develops, and such contact force is added to 
the forces of springs 32. 34 and 36 opposing the 
downward compresshre force component of spring 
38. This causes deflection of the probe tip assembly 
12 relative to the probe mount 10 in an upward direc- 
tion generally parallel to the direction of advancement 
16. Thereafter, as the probe mount 10 continues to 
advance toward the DUT 20 along the direction of 
advancement 16, the contact force gradually 
Inaeases as detemnlned principally by the increasing 
deformation of spring 38 and the decreasing defer* 
mation of spring 35 as the probe tip assembly 12 def- 
lects upwardly. If advancement of the probe mount 10 
toward the DUT 20 continues, eventually the probe tip 
assembly 12 will be deflected upwardly relative to the 
probe mount 10 to the position shown In FIG. 1 where 
the springs 32, 34 and 36 no longer oppose the spring 
38 because they are no longer deflected downwardly, 
and the contact force alone opposes the spring 38. 
This substantially marie the limit of the desirable 
range of advancement 

Further advancement of the probe mount 10 
along the direction of advancement 16 causes further 
upward deflection of the prolie tip assembly 12 rela- 
tive to the probe mount 1 0. This causes the dual beam 
springs 32, 34 to begin to be deflected upwardly, 



thereby exerting a downward force on the probe tip 
assembly rather than an upward force, and martcs the 
beginning of the range of excessive advancement As 
soon as the upward deflection equals the offset dist- 

5 ance 42. however, the end 38b of the spring 38 
becomes level with the end 38a so that the spring 38 
no longer is capable of applying a downward com- 
pressive force component against the probe tip 
assembly 12. Thereafter, further excessive advance- 
to ment of the probe mount 10 relative to the DUT 20 
raises the end 38b of the spring 38 above the level of 
its opposite end 38a so that the spring 38 begins to 
exert an upward compressive force on the probe tip 
assembly 12, thereby resisting the downward force 

IS exerted by the upwardly-deflected dual beam springs 
32. 34 in concert with the contact force. Because the 
dual springs 32 and 34 are relatively weak, this 
causes not merely a reduction in the rate of contact 
force increase (which would itself tend to protect the 

20 probe tip from damage) but an actual decrease in the 
contact force. The contact force decreases further 
with further advancement of the probe mount 10 
toward the DUT 20 since the resultant further upward 
deflection of the probe tip assembly 12 relative to the 

25 probe mount 10 increases the upward compressive 
force component of the spring 38 due to the increas- 
ing upward offset of spring end 38b relative to end 
38a. Rnally, after a range of excessive advancement 
much greater than the Initial desirable range of adv- 

30 ancement during which the contact force initially 
Increased, the contact force could once again begin 
to increase, but by then the operator is likely to have 
noticed his error. 

At no time during such excessive advancement 

35 should the upward force component of the spring 38 
exceed the downward force exerted by the dual beam 
springs 32, 34, because such a result would cause the 
probe tip assembly 12 to snap upwardly into a stable 
condition which might not be recognized by the 

40 operator and which therefore might erroneously 
become the starting point for the probe tip assembly 
when It Is later advanced into contact with another 
DUT. 

During the initial desirable advancement range. 

45 as the contact force gradually Inaeases, the contact 
end 18 of the probe tip assembly 12 skates forwardly 
along the DUT 20. enabling the operator to detect 
visually, through a mlaoscope, that contact has 
occurred and that the probe tip is within the intended 

50 range of contact force. However, should the operator 
inadvertently continue to advance the probe mount 10 
toward the DUT 20 excesshrely, the reanjiranJIy arced 
path of the pmbe tip together with the decrease in con- 
tact force will cause backward skating of the contact 

55 end 18 of the probe tip assembly, enabling the 
operator to visually detect the excessive advance- 
ment and make a correction by retracting the probe 
mount 10 until H is once more in the range where 
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further advancement causes forward skating. How^ 
ever, such decrease in contact force, although desir- 
able, is not crffica) to the invention. A spring system 
which merely reduces the rate of increase of the con- 
tact force, or prevents a further increase in the contact 5 
force, in response to excessive aJvancement would 
still function to protect the probe tip assembly from 
damage and is within the scope of the invention. 

The terms and expressions which have been 
employed in the foregoing specification are used the- io 
rein as terms of description and not of limitation, and 
there is no intention, in the use of such terms and exp> 
ressions, of exduding equh^ents of the features 
shown and described or portions thereof, it being rec- 
ognized that the scope of the invention is defined and is 
limited only by the daims which follow. 



Claims 



20 



1. A probe for testing an electrical circuit on a device 
under test, said probe comprising a probe mount, 
a conductive probe tip attached to said probe 
mount for electrically contacting said device 
under test with a contact force by nrwveme nt of at 2S 
least one of said probe mount and said device 
under test toward the other along a direction of 
advancement, and interconnecting means mov- 
ably attaching said probe tip to said probe mount 
for pennittlng movement of said probe tip relative 30 
to said probe mount substantially parallel to said 
direction of advancement, characterized by said 
interconnecting means induding means auto- 
matically responsive to tfie proximity, along said 
direction of advancement, between said probe 35 
mount and said device under test for increasing 
said contad force as said proximity inaeases to 
a predetenmined proximity through a first range of 
advancement, and thereafter substantially pre- 
venting a further increase in said contact force as 40 
saU proximity inaeases beyond said predeter- 
mined proximity through a second range of adv- 
ancement 

2. The probe of daim 1 wherein said interconnecting 45 
means Indudes means for decreasing said con- 
tact force as said proximity increases further 
beyond said predetenmined proximl^. 



50 



3. Theprobeofdalml wherelnsaldlnterconneaing 
means Indudes means for selectively urging said 
probe tip relative to said probe mount altema- 
twely in either of two opposite directions substan- 
tially parafld to said direction of advancement, 
depending upon the movable position of said 55 
probe tip relative to said probe mount 

4. The probe ofdaim 1,2 or 3 wherein said intercon- 



necting means comprises a spring. 

5. The probe of daim 4 wherein said interconnecting 
means comprises a compression spring inter- 
posed compressively between said probe mount 
and said probe tip for exerting a compressive 
force along a direction which is substantially nor- 
mal to said direction of advancement. 

6. The probe of any of the preceding daims wherein 
said probe tip extends in a cantBevered fashion 
along a direction which is at an angle relative to 
said direction of advancement 

7. The probe of any of the preceding daims wherein 
said probe tip comprises multiple planar conduc- 
tors mounted on a planar dielectric substrate so 
as to fonn a controlled impedance bansmission 
line. 

8. A probe for testing an electrical drcuit on a device 
under test said probe comprising a probe mount, 
a conductive probe tip attached to said probe 
mount for electrically contacting said device 
under test witii a contact force by movement of at 
least one of said probe mount and said device 
under test toward tiie other along a direction of 
advancement, and interconnecting means mov- 
aWy attaching said probe tip to said probe mount 
for permitting movement of said probe tip relative 
to said probe mount substantially parallel to said 
direction of advancement characterized by said 
interconnecting means induding means auto- 
matically responsive to tiie proximity, along said 
direction of advancement between said probe 
mount and said device under test for estat^lishing 
a first rate of inaease in said contact force as said 
proximity increases to a predetennined proximity 
through a first range of advancement and there- 
after establishing a second rate of increase in 
said contactforce which is less than said first rate 
of ^crease as said proximity increases beyond 
said predetenrtned proximity through a second 
range of advancement which is greater than said 
first range of advancement 

9. The probe of daim 8 wherein said interconnecting 
means indudes means for establishing said sec- 
ond rate of increase in said contact force as a 
negative rate, and thereby decreasing said con- 
tactforce as said proximity increases beyond said 
predetennined proximi^ through said second 
range of advancement 

10. An electrical probe characterised In that a probe 
tip Is yieldably mounted on a probe mount by a 
spring assembly arranged so that, as the probe 
mount and a device under test arc advanced 
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toward each other, the contact force between the 
probe tip and the device under test increases at 
a maximum rate throughout a first range of adv- 
ancement and then, through a second range of 
advancement, increases more slowly or remains s 
substantially constant or decreases. 
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@ Electrical probe with contact force protection. 

@ An electrical probe tip (12) is yieldably moun- 
ted on a probe mount (10) so that, as the probe 
mount and a devk:e under test (20) are adv- 
anced toward each other, the contact force 
between the probe tip (12) and the device under 
test first increases gradually and then dec- 
reases. This prevents excessive contact force if 
the probe mount (10) and device (20) under test 
are inadvertently advanced excessively toward 
each other, and thereby prevents daniage to the 
probe bp. 
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